The objective of this experiment was to determine whether passive immunization against a synthetic inhibin-like peptide ( a-IF) increases FSH secretion and reproductive performance of ewes bred in the spring. Crossbred ewes were assigned to three treatment groups of 10 ewes each. Progesteronereleasing pessaries (CIDR-G) were inserted and left in place for 12 d. The CIDR-G were removed on April 7 ( 0 h), and three rams were introduced. A single 1.8-mL i.m. injection containing 0, 315, or 630-reference preparation-2 (RP-2) kU semipurified a-IF-antibody (Ab) was given at -48 h. Antibody solution was prepared by ammonium sulfate precipitation and concentration of ovine immune sera that had been generated against a-IF-human-a-globulin. After the a-IF-Ab injection, plasma a-IF-Ab titers and FSH concentrations increased within 6 h, peaked 12 to 24 h later, and then decreased. At 12 h after injection, FSH concentrations were increased ( P = .05) 28 and 42% over control values in ewes injected with 315-and 630-RP-2 kU a-IF-Ab, respectively. All ewes expressed estrus and ovulated, except one control that did not ovulate. Ovulation rate (OR) was increased ( P < . O O O l ) by a-IF-Ab treatment. Mean OR was 1.0 in control ewes, 1.7 in ewes given 315-RP-2 kU, and 2.5 in ewes injected with 630-RP-2 kU. Fertility (ewes lambing/ewes exposed) from breeding at the inducedsynchronized estrus tended ( P = .09) to be greater for ewes injected with 630-RP-2 kU a-IF-Ab. Number of lambs bondewe lambing and prolificacy (number of lambs born alive/ewe lambing) were increased ( P < .02) by a-IF-Ab-treatment. Respective number of ewes lambing, lambs bordewe lambing, and lambs born alive/ewe lambing were as follows: control = 7, 1.0, .7;
Introduction
In previous experiments, the induction of out-ofseason breeding has been used to reduce lambing intervals (Wheaton et al., 1992b; Wheaton and Windels, 1994) . To induce mating during seasonal J. h i m . Sci. 1995 Sci. . 73:1433 Sci. -1439 anestrus, progesterone was administered for 12 d followed by abrupt exposure to rams. Although reproductive responses t o such treatment were satisfactory, a comparison of reproductive performance of ewes bred at a spontaneous estrus in fall to a "progesterone-ram effect"-induced estrus in May revealed a substantial decrease for spring breeding (Wheaton et al., 1992b) . Secretion of FSH is regulated largely through inhibin and estradiol negative feedback (Baird et al., 1991) . Inhibin is a dimeric glycoprotein elaborated by granulosa cells of large antral follicles (Mann et al., 1989) . Passive immunization against an inhibin-like peptide ( a-IF) increased FSH secretion and ovulation rate (OR) in ewes during the breeding season (Wheaton et al., 1992a; Kusina et al., 1994) . During seasonal anestrus, folliculogenesis continues, large antral follicles develop, and inhibin bioactivity has been detected in ovarian venous blood Noel et al., 1993) . Immunoneutralization of inhibin increased FSH concentrations in seasonally anestrous ewes (Wrathall et al., 1990) .
However, effects of passive immunization against inhibin-like peptides on reproductive performance of ewes induced to breed out-of-season have not been reported. The objective of the present experiment was to determine whether administration of semipurified antibody (Ab) against a-IF, integrated into a progesterone-ram effect treatment to induce a synchronized estrus, would increase FSH secretion, ovulation rate, fertility, and prolificacy of spring-bred ewes.
Materials and Methods

Animals and Experimental Design
Procedures pertaining to use of animals were approved by the Animal Care and Use Committee of the University of Minnesota. Thirty 3-yr-old crossbred ewes ( U 4 Finn x 1/4 Targhee x 1/2 Rambouillet; 63 f 2 kg) that had lambed in January 1993 and had lambs weaned on March 11 were maintained in a pen ( 9 m x 5 m ) in a barn that provided controlled access to pasture. Whole corn ( . 5 kg/ewe) was fed at 1500, and trace mineral salt was available on an ad libitum basis. These ewes, with the exception of one replacement that also had lambed in January, had been used the previous August in the experiment of Kusina et al. (1994) .
Rams were kept in a building .6 km away from ewes. Photoperiod was controlled as described by Fitzgerald ( 1992) . Rams were performance-tested using a modified procedure of Fitzgerald and Perkins (1991) . Four ewes were induced into estrus by 7-d treatment with a progesterone-releasing pessary followed by a single i.m. injection of 50 pg of 17&estradiol-3-benzoate in corn oil. Thirteen 1-to 3-yr-old rams were performance-tested, and the three with the greatest libido scores were used in the experiment.
Intravaginal progesterone-releasing devices (controlled internal drug-release dispensers type-G; CIDR-G; Wheaton et al., 1993) were inserted on March 26 and left in place for 12 d. On April 7 (= d 0 ) at 0600 (= 0 h), CIDR-G were removed and rams were introduced. Forty-eight hours before CIDR-G removal, ewes were injected i.m. with two dosages of a-IF-Ab and control solution ( 10 ewes/group). Blood samples ( 5 mL) were collected via jugular venipuncture at 6-h intervals from -48 to 30 h and then at 1200 on d 2, 5, 7, and 9. Blood samples were dispensed into chilled heparinized (25 IU) glass tubes and centrifuged shortly thereafter. Plasma was stored at -20°C. Laparoscopy was performed on d 12 and 13 t o count the number of corpora lutea.
Passive Immunization
Both dosages of a-IF-Ab were administered in a volume of 1.8 mL, which contained either 315,000 or ET AL.
630,000 RP-2 U (3 15 or 630 RP-2 kU). On a kilogram basis, and taking into account variation in body weights, ewes received 4,961 f 213 or 10,180 f 413 RP-2 Ukg, respectively. Antibody immunoreactivity was expressed relative to that of a laboratory reference preparation (RP-2).
Reference preparation-2 refers to a medium a-IF-Ab titer plasma sample collected on November 1, 1989, from a lamb ( # 12 1) that had been actively immunized against a-IFhuman-a-globulin ( haG). A RP-2 U was defined as the degree of a-IF-Ab immunoreactivity manifested in .031 pL of RP-2 plasma (Kusina et al., 1994) . Thus, the 630,000 RP-2 U dosage contained the equivalent amount of anti-a-IF-immunoreactivity present in 19.5 mL of RP-2 plasma (630,000 RP-2 U x .031 pL of RP-2 plasma/RP-2 U). Control ewes were injected with a preparation of haG-Ab. Ovine a-IF-Ab and haG-Ab preparations were prepared using a modified protocol of Goding (1986) as detailed by Kusina et al. (1994) for the semipurified a-IF-Ab preparation.
Radioimmunoassays and Statistical Analyses
Plasma a-IF-Ab Titer. Plasma samples were diluted 1:25 and 1 5 0 in .05 M EDTA-PBS, pH 7.0. Aliquots (100 pL) were incubated in duplicate with [12511a-IF in 400 pL of .l% gelatin-PBS at 4°C for 24 h. Synthetic a-IF was radioiodinated as described previously (Meyer et al., 1991) .
Absolute ethanol (1 mL) was added, and tubes were vortexed and centrifuged (1,520 x g for 30 min). Supernatants were aspirated, and precipitates were counted for radioactivity. Immunoreactivity of plasma samples was calculated in RP-2 U by quantifying the logit of percentage binding against the slope of RP-2 plasma. Intraassay CV was 6.8%.
Plasma Gonadotropin Concentrations. Plasma FSH concentrations were measured in duplicate 200-pL plasma samples using a double-antibody RIA as described by Meyer et al. ( 199 1) . Components of the assay were NIAMDD-oFSH-13 for reference, USDAoFSH-19-SIAFP-1-2 for radioiodination, and NIDDKanti-oFSH-l serum. Sensitivity was 1.1 ng/mL, and the intraassay CV was 9.9%. Plasma LH concentrations were quantified using the RIA protocol of Niswender et al. (1969) .
Assay components were NIH-LH-S19 for reference, NIADDK-oLH-1-3 for radioiodination, and NIADDK-anti-oLH-l serum. Sensitivity was .4 ng/mL, and the intraassay CV was 9.7%.
Statistical Analyses. Data were analyzed using SAS/ STAT ANOVA procedures (SAS, 1985) . Antibody titers and plasma LH concentrations were evaluated for effects of a-IF-Ab treatment and sampling time in a split-plot design for repeated measures. Plasma FSH concentrations were examined for effects of a-IF-Ab within hour due to a treatment x time interaction. Intervals to onset of estrus, ovulation rate, and number of lambs born were tested for treatment effects using one-way ANOVA. Numbers of ewes lambing from breeding at induced estrus were compared using chi-square analysis. Tukey's w-procedure Y>'Means within a row lacking a common superscript differ ( P < .001).
h after injection for control ewes).
protected by a significant F-test was used to compare differences among treatment means. 
Results
Plasma a-IF-Ab Titer and Gonadotropin Concentrations
Estrus and Ovulation Rate
All ewes expressed estrus, and intervals from CIDR-G withdrawal t o onset of estrus were similar among ewes administered a-IF-Ab and those given ovulated, and ovulation rates differed by treatment ( P < .001). Ewes within the 315 RP-2 kU a-IF-Ab treatment group that had ovulated one or two follicles had similar FSH concentrations (Table  3 ) . Ewes receiving the greater dosage that had ovulated two or three follicles differed in magnitude of FSH responses; responses were greater in ewes with three ovulations.
Fertility and Prolificacy
There was a tendency ( P = .09) for more ewes in the 630 RP-2-a-IF-Ab-treated group than in the other two groups t o lamb from matings at the inducedsynchronized estrus (Table 2) . Three control ewes and one 315 RP-2 a-IF-Ab-injected ewe were rebred at a spontaneous estrus 18 to 19 d after the induced estrus, and they lambed from the later matings. Antibody treatment increased the total number of lambs bordewe lambing ( P < .02) and lambs born alive/ewe lambing ( P < .003) compared with control ewes ( Table 2) . Responses were similar among ewes administered 630-and 315-RP-2 kU a-IF-Ab. 'Ewes marked within 3 d after removal of controlled internal drug-release dispensers type-G (CIDRbHours from CIDR-G removal to first observation of breeding mark. 'One or more corpora lutea observed during laparoscopy. dNumber of corpora lutedewe ovulating. eEwes lambing from breeding at induced-synchronized estrus. fPer ewe lambing.
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Discussion
Plasma a-IF-Ab titer increased within 6 h after i.m. injection of a-IF-Ab; titers peaked at 12 to 18 h and then decreased with a half-life of 9.2 d. The amount of a-IF-Ab present in the circulation at peak titer corresponded to .04% of the total a-IF-Ab dosage administered. Plasma a-IF-Ab profiles were similar to those in ewes injected i.m. with a-IF-Ab during the early breeding season (Kusina et al., 1994) . Fluctuations in plasma a-IF-Ab titers were evident in the present study and have been detected in previous experiments (Wheaton et al., 1992a; Kusina et al., 1994) . Wheaton et al. (1992a) speculated that such fluctuations may reflect a-IF-Ab binding to changing concentrations of endogenous inhibin or a-subunit. The secretory pattern of ovarian inhibin in anestrous ewes seems to be episodic .
Relative to preinjection FSH concentrations, administration of 315-and 630-RP-2 kU a-IF-Ab increased FSH concentrations from 12 to 24 h after injection by 17 and 23%, respectively. Results support the conclusion of Wrathall et al. (1990) that inhibin plays an inhibitory regulatory role in modulating FSH secretion in anestrous ewes. The magnitude of FSH responses from 12 to 24 h were 50% less than those in CIDR-G-treated ewes administered comparable dosages of a-IF-Ab during the early breeding season Table 3 . Characteristics of follicle-stimulating hormone (FSH) responses in ewes injected with 315 RP-2 kU a-IF-Ab that had ovulation rates of 1 (n = 3) or 2 (n = 7) and in ewes injected with 660 RP-2 kU a-IF-Ab that had ovulation rates of 2 (n = 6 ) or 3 (n = 3) (Kusina et el., 1994) . Reduced FSH responses indicate that inhibin's contribution t o negative feedback regulation of FSH secretion is diminished in seasonally anestrous ewes. The contribution of estradiol, in contrast, may be accentuated during the anestrus season (Legan and Karsch, 1980; Joseph et al., 1992) . Findlay et al. (1989) detected increased FSH concentrations in cyclic but not in anestrous ewes actively immunized against inhibin a-subunit.
Passive immunization against a-IF increased ovulation rate in a dose-dependent manner. Control ewes each ovulated one follicle, whereas ewes injected with 315 RP-2 kU-a-IF-Ab ovulated one or two follicles and ewes administered 630 RP-2 kU a-IF-Ab ovulated two, three or four follicles. Mean OR were 1.0, 1.7, and 2.5, respectively. These OR were 2/3 of those in the same ewes injected with control solution and equivalent dosages of a-IF-Ab during the early breeding season (Kusina et al., 1994) . A seasonal change in ovulation rate has been reported (Scaramuzzi and Radford, 1983) .
Although OR varied with a-IF-Ab dosage, FSH responses did not. Comparison of FSH responses within a-IF-Ab dosage revealed that FSH responses were similar in ewes that had ovulated one or two follicles but were greater in ewes that had ovulated three follicles. Kusina and coauthors ( 1994) speculated that smaller increases in OR (i.e., from 1 to 2 in the present study) that occur without an associated increase in FSH response reflect a direct ovarian action of a-IF-Ab, whereas greater increases in ovulation rate (i.e., 1 to 3 in the present study) are attributable t o increased FSH responses that exert a pronounced effect on OR. The present results concur with this contention. Other indirect evidence supports the idea that there is a local mechanism of action (Meyer et al., 1991; Fray et al., 1994) . Follicle-stimulating hormone concentrations in control ewes averaged 16 ng/mL during the 48-h period preceding CIDR-G removal and CV averaged 30%. Respective mean FSH concentrations and CV during the same period in ewes during the early breeding season were 15 ng/mL and 13%. Bister and Paquay ( 1983) reported that mean FSH concentrations in anestrous and cyclic ewes were similar, but FSH concentrations were more variable in anestrous ewes. In the present experiment, FSH secretion increased in 8 of 10 control ewes between 30 and 18 h before CIDR-G removal. Occurrence of synchronized fluctuations in FSH concentrations in control ewes may be a consequence of exogenous progesterone treatment. Progesterone treatment affects steroidogenesis and may organize follicular development in anestrous ewes (Legan et al., 1985; Hunter and Southee, 1987) . After removal of CIDR-G and introduction of rams, all control and a-IF-Ab-treated ewes expressed estrus within 3 d, and 77% of these matings resulted in pregnancy. There was a tendency for more ewes ET AL.
injected with 660 RP-2 kU a-IF-Ab t o lamb from mating at the induced estrus than ewes in the other two treatment groups. This tendency is currently being tested in an on-farm trial using a larger number of sheep of several genotypes. Present results confirm the conclusion of Wrathall et al. (1992) that passive immunization against an inhibin-like peptide has no adverse effects on expression of estrus or conception rate.
Prolificacy was increased by a-IF-Ab treatment. The increase stemmed from low OR in control ewes out-of-season together with the relatively modest and consistent increase in OR induced by a-IF-Ab-treatment. The a-IF-Ab-treatment increased OR from 1 to 2 in the majority of ewes, and the number of lambs born alive increased by one as OR increased from 1 to 2. Ovulation rates of 3 and 4 produced no further gain in prolificacy. Greater OR lead to a greater incidence of embryo mortality, and in Finn-crossbred ewes OR >3 lead to little, if any, increase in prolificacy (Robinson, 1951; Wallace et al., 1985) . Prolificacy did not differ for control and a-IF-Ab-treated ewes bred during the early breeding season (Kusina et al., 1994) . In that study, mean OR for control ewes was 1.8, and 75% of the a-IF-Ab-treated ewes had OR of 3 or 4.
Implications
A single i.m. injection of semipurified ovine antibody against an inhibin-like peptide (a-IF-Ab) administered 2 d before removal of progesterone-releasing pessaries in April increased fecundity from .5 to 1.3 for matings at the induced-synchronized estrus. Fecundity, number of lambs born alive/ewes exposed to rams, is a good indicator of reproductive performance in a lamb production setting. Integration of CY-IF-Ab, progesterone, and the ram effect seems to be a promising treatment for achieving successful out-ofseason breeding.
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